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5332'7
Stress Analysis of XB-36 Test Nacelle and Installation (Non'e

Alexander, M. M.
Consolidated Vultee Aircraft Corp., Ft. Worth Div., Texas FZS-3e-106
USAF Project MX-140 Contr. No. W535-AC-32352 (None)

pt 43 Unclass. U.S. English 92 diagr•, graphs

tess analysis is made of the engine stub wing of the XB-36 bomber. The report lU, subdivided into
alyses of the engine mount and of the wing structure. The mount 1E9 a welded Chrome-Moly tubular
ace frame work which carries the loads from the engine and accessories to the main wing fittings.
ke leads are then carried through welded steel fittings to two wing bulkheads which distribute the load
the wing structure. The basic wing structure consists essentially of a front and rear spar, and two
ord trusses separated by truss type bulkheads at each station point. The conctructin is of wldod strue-
ral steel. The leading and trailing edge air loads are carried to the Interspar bulkheads by means of
rwood ribs which support wooden longitudinal stringers. The entire wing Is covered with plywood, which,
turn Is covered with galvanized stool sheet to obtain smoothomes of airflow.

Copies of this report obtainable from CADO (1)
,Structures (7) B-36- Stress analysis (14B84.605); XB-
Stress Anaelysts of Specific Aircraft (6) 36 (99409); Nacelles, Engine - Stress analysis (660"0)

USAF C.N. W535-AC-22352
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CONISOLIDATED VULTEE AIRCRAFT CORPORATION I A
FO~R W(Inm W,-,,* F Tk4A8

MODtL.- ?•"_P6 _AIRPLANI REP( RT Nc _FZS .r3 -1O6

STREOS ANALYSIS OF 2M-36 TEST NACELLE & I STALLATIaQ

NOTATIO.MS USED n REPORT

A - Cross sectional are& in square inches

P - Load in pounds

PC - Applied compressive load in pounds

Pt- Applied tensile load in pounds

PC - Allowable compressive load in pounds

PT Allowable tensile load in pounds

fs - Applied shear unit stress in pounds per square inch

To - Applied compressive unit stress in pounds per square
inch

ft - Applied tensile unit stress in pounds per square inch

fb - Applia sending unit stress in pounds per square inch

FS - Allowable shear unit stress in pounds per square inch
PC - Allowable compressive unit stress in pounds per square

inch

- Allowable tensile unit stress in pounds per square inch

- Bending modulus of rupture

M - Statical moment

t - Thickness of plate (in weld equations, thickness of
thinnest metal Joined by weld) in Inches

L - Length of weld in shear In inches

Pw - Allowable weld shear load in pounds

Pw - Applied weld shear load in pounds

PS - Allowable bolt shear load in pounds

S - Total shear in pounds



CONSOLIDATED VULTEE AIRCRAFT CORPORATION VA, t
FORT WORTH DIvIRON * Fomt WoTri".

MOUIEL XB.46 AIRPLANE RLPw NcFZS-3-6-1O6

S§1ES= 4AULYBSl oF jU-6. JUT_ SACELg B , INSTALLATI.0

LOTATIOBs USED IN RORT (COTQ.)

Ballow. - Total allowable shear in pounds

- Distance from neutral axis to reference line in
!, � calculation of section properties

Yl - Distance from neutral axis of a section to neutral

axis of total section

LC - Column lenMth in inches

fR - Radius of gyration of section

1o - Moment of Inertia of a component of a section about
its own neutral axis

I Moment of inertia of the total section about Its
0(9 neutral axis

* U.S. - Margin of safety based on ultimate loads and
ultimate stresses



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE C

M XANAIVF RU ORT No Z§-34610

TRgRESS ANALYSIS OF XB-36 TEST NACELLE & INSTALAION

The stress analysis of the XB-36 Engine Stub wing is

made in accordance with A.A.F. Specification 40440v Section

E-2. The report consists of the analysis of the engine mount

and the wing structurem,

The mount is a welded Chrome-Moly tubular space frame

work which carries the loads from the engine and accessories

to the main wing fittings. The loads are then carried through

welded steel fittings to two wing bulkheads which distribute

the load to the wing structure.

The basic wing structure consists essentially of a front

and rear spar, and two chord trusses separated by truss type

tulkheads at each station point. The construction is of

welded structural steel.

The leading and trailing edge air loads are carried to

the interspar bulkheads by means of plywood ribs which sup-

port wooden longitudinal stringers. The entire wing is

covered with plywood, which in turn is covered with gal-

vanized steel sheet to obtain smoothness of airflow.



C.CýNSOLItATFK VUI.TrE AIRCRAFT CORPORATION , .

XB-36 A:, A, , FZS-36-106

STRFS ANALYSIS OF XB-16 TEST NACELLE AND INSTALLATION

CALIUIATION OF ALLOWABLE UTRESSES

In the design of the engine mount, the allowable loads

for Chrome-Molybdenur, Steel Tubes are taken directly from the

values given in A.N.C.-5. Since good welded clusters are ob-

tained at the ends of the tubes, a fixity coefficient of 1.5

is considered to be satisfactory.

The allowable stresses for structural steel, as given in

the A.I.S.C. handbook could not be used directly, since the

loads applied to the structure are at ultimate, which is a

deviation from standard structural steel practice.

o The minimum guaranteed Ultimate Tensile Strength for

Structural Steel, from the A.I.S.C. handbook is 60,000 #1/3"m

This value is used throughout the design.

For design of structural steel columns, the Rankine

Equation is used in a form which is somewhat different from

the form generally adopted in the handbook due to the use of

Ultimate Loads in the design rather than lg loads.

The general form of the Rankine Equation is Fe

For a factor of safety z 3, S = 12,500

For use with Ult. loads, q : 3 x 12500 = 37,jOO

The value of 1/18&0 for q is the one generally adopted in

in steel construction.

. 'I'~~+ 1/3.60o0(L/•
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CONSOLIDATED VULTEE AIRCRAFT CORPORA~TION A

FORT Wokril DIVISON FORT WORTH. TKXAa

M.oo, L XB-436 AIRPLANE REPFTN ZS.456-lO6

STRESS ANAL~g$IS OF XB-Z6_TEST NACELLE & INSTALLATION (Cont 'd.)

ANALYSIS OF ENNINE 2MON

DESIGN ODIIN

The primary design condition for the engine mount is

a 5 g vertical load acting down from the engine. The loads

from this condition are combined with these resulting from

torque and thrust if they are additive. Torque and thrust

loads are never subtracted from the downward vertical loads

if they are relieving loads. The mount is also satisfactory

for approximately 2/5 reversal or up load.

DETAIL ANALYSTS (For referenced members see rig. I page Z)

A conservative analysis of the mount as a space frame-

work has been made. The vertical shear has been assumed to

be carried in the vertical truss systems (i.e.: AM, AB, ED,

CM, CD, BK and DG) while the overhang moment is taken by

members BH, B'H', DE and DIE' and thus back to the att~ich-

ment points. Conservative overlaps have been -nalie wfith res-

pect to taking the engine torque out, as couples in either

the vertical or horizontal plane. The detailed vyork of going

through this analysis is not shown but the reaultInE member

loads and margins of safety are shown on table M~. page 7j

Also shown on table 17. page _F are the various loads on the

engine m~ount fittings which will be used later on In this re-

port while analyzing the spars, etc.
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION fAG

FORT WORTH ;DIVISIION F ORT WORTH, TEXAS

MOVEL- XB-36 AIRPLANE REPORT NO. FZB-36-106

§T=s8S AnALYSIU OF XB-36 TEST NACELLE & INSTALLATION

DESIGN CONDITIONS AND 3ENWRAL DATA FOR STUB WING

The wing structure is analyzed for two wind tunnel

conditions, The dato for CLOG' and C.P. are estimated

on the basis of previous wind tunnel tests on scale models.

For a load distributiont the values of CN are assumed

to be constant over the entire span.

A factor of 6 Is used on the air loads, and a similar

factor is used for relieving inertia effects.

AMX=y2MT DAU

Condition I Condition II

CL 1. 0  CL 0 1.5

- .10 e CU14 0

V .250 mph. V a 150 %ph.

CDo .012 CDo - .012

C.P. .03406 C C.P.• .2967 C

CDp a .0347 CDP a .0347

(For Planform and dimensions of stub wing see Fig. _.

page so .)
lk•.jI•L aMA (20.06 #19.U )300 a 69,315 sq, in.2

- 481.35 sq. ft.

Chord Ecuation 26-.6 - 1284 x - 263.6 - .217 x

Where x - distance from largest chord of stub *In&
2

AA&, 4% 3 1.....
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION FAUX

FORT W TR ()Is oT Woait4. TIkAS

MoG L ___B-3ý'6 1A,4,tW AN RPoR No. FZS-36-106

STRESS ANALYSIS OF X2-36 TEST NACELLE & IN TAkTI

DESIQN CONDITIONS AND GENIAL DATA FOR STUB W!l

Ovral Drag Coefficients

Condition CL2

cDi a (A.R.) .2455

CD -ODo + CDD + CDs a .012 * .0347 * .2455 .2M

Condition UI

CDi - .553

C- .012 * .0347 + .553 - .5997

AO -

1F



(JON''j0I[AI-riFF) Vm 11[ AI-CIAFT CORPORATION I / /
*. ,I XB--•3'6 _.AI,• .... • , .•ZS-3G--106

3 STRESS ANALYSIS OF XBM36 1MST NACELLE &_ INSTALLATION

CONDITION4 I -- AIR LQADZ AND -DISTRIBUTIONS

DETERMINATION OF NORM¶AL SPAN LOADING

q 1/2 e V2 - .002558(250)2 159.8 #

CN a CL cosoc+ CD Sifloc

a 1 (cos 100) + .29225in 100 a .985 + .0508

a 1.0358

N - 1/2fV2 CnA - qCnA

- 159.8(1.0358)(481.35) - 79,900#

Assuming uniform CN on total area the loading in

pounds per inch of span may be determined.

79 0 - 1.1527 #/sq. in.

2 Span loading at largest chord of stub wing:

A . C - (1.152)(263.5) - 304 #/in.

Span Loading at smallest chord of stub wings

x C * (1.152)(198.5) - 229 #/in.

A!



CONSOLIDATED VULTEE AIRCRAFT CORPORATIlONA, 3

N~~t, JV3-mLN Rj~om FZS-36-1.06

STRESS ANALYSIS OF XB-36 TEST NACELLL- & I.NST LLA11ION

DETMIINATION OF CHORDWISE SPAN LOADIN-G

C - l/2fV2 CcA aq x C .xA q .159.8 #/a-

u .2922 cos 100 1 2 sin 100

- .288 - .1736 *.1144

C a 159.8(.1144)(481.35) - 89800#

Ul a 2 - .127 #/sq. iLn.

Chordwise span loading at largest chord

- i xC - (.127)(263.6) - 33.45 V/in. of span

Chorduise span loading at smallest chord

- x CN = (.121)(198,5) *26.2 #/in. of span

CIVR W,5j 5P ML OA DINGI

DETEMINTIO 09z SPAR LI"D

Assulming the total v~ertical load acting at the C.P.,

the load is divided between the spars invehe1y as their

distance from the C.P.

C.P. a .3406 Chord

3 front %par - .12 Chord

Rear Spar - .45 Chord



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAI 14
f ORT WoRTH DDtvpi 4!, FoRT WaaT,,. TE.A4

M0,.hLXB-36_ARPL•NL RopQt No FZS-36-106

STRESS ANALYSIS OF XB-3_6 TEST NACELLE X, INSTALUATON

DETERMINATIO1( OF SPAR LOADS (CONT.)

C.P.

t I'c-- _ 4_i 11 __ _ _ _-__ __.. . .........

43 LOCAT7/10, OF C: P M A J-PAk'S

At largest chord W/O = 304 #/in,.

W to F.S. - .'8 (304) - 87.6 #/in.

W to E.S. a .22= (304) a 216 #/in.

SAt smallest chord W/C = 229 #/In.

w to F.S. a -08"C (29) a 66 #/In.

W to B.S. a - (229) - 163 #/i/n.

DfiETRIUIATION Or HORZNA MRuSll A

Assuming the total chordwise loid diatributed between

upper and lower tzUasse inversely as their distance from the

chord plane at the position of the C.P.

F 

-

"11 . .. . ... . . . . 114 z



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 1.5 5
FORT WORTH DiviloN m Fort WoITH, T&VAS

MODLL XB-
3 6

AIRPLANK RIEPORT No FZS-36-106

STRESS ANALYSTS OF XB-36 TEST UACEL.E & INSTAL14T01

DETERNATION OF TIORIZONA, fUS LOADS (Cont.)

C.P. 0 .3406 (263.6) = 89.6 inches aft of L..

Distance from chord line to upper truss a 27 1/4 inches,

and distance to lower truss = 19 1/4 inches at largest

chord.

W to upper truss (largest chord) - (33.45) "

13.85 #/in.

W to lower truss = 27.25 (33.45) - 19.6 #/in.
46.5

Corresponding distances at smallest chord - 18.750

and 15.5". Smallest chord of stub - 198.5 in.

3i W to upper truss (tip section) 1 5.5. (26.2) "

11.85 #/in.

W to lower truss (tip section) 18.7§ (26.2) w
34.25

14.32 •/in.

I I I I I III I IAI I l.. . .
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SIBESS ANA.LYS18nVXB Y'R36 TBI`,T NACT'LLE, "ýINSTALLATION

COND)ITION II - AIR L 0 A D,0 A!,!D DTSThII3ITTITeT

q 1 /2fV'2 .002558 (13(10) 43.115

11 CL Cos <X- + CD s in cc

1.5 cos 1.40 + ."997 (sin 14,4) . 1.3 (.97) j. 997 x

(.242)

*1.455 +j .14¶ 1.6

N -1/2 f V2 ONA q ONA =43.15 (0.6) (481.1")

33,300 fl

Assuming uniform CN on total area, the londitrw in 4/sq.in.

of span may be determined.

N w Y9S3~0.a .4805

Large Chord: W (Normal loading) w N x C a 480 r(2.)
A

126.7j9/in.

Small Chord: W (Normal L~oadirý,") . LN x C a .480¶(1f.¶

DFTYR"IVIRATIO7 (IF CI!(j.A',!S rSPAN sTr PADI(;

C -1/2 1 'V 2C0A *q x Cc x A q 43.15

Cc SCD cost- - CI, slrl w' . 5997( 140) 12 ~1  140

C 4 1.15 ( ;.:1711) (4F f~ I

Chordwin~p srni no lnirit,'i !ýr- ni d7nr~i C X

C/A 4- ;1T

Po 4*0- % L



CONSOLIDATED VUI.TFE. AIRCRAF1 CO!R"OIkN I ION . 7

,...., B-36 .... .. , •, • FZS-36-1F'A

SThESS A.ALYrIF (, XB-36 TEST NACELLE PI, TA LLAT P""

)ETI'I.:I'IrATI ,CT CF CI( lD,"II. SAU -- V TAADPIG (Cont 'd. )

W C C x C - .0(;"4 (261.[) 7.2#/in. (lnrg,'si, 'Vnrd)

W C x C . .O654 (198.5) - 12.97/I/in. (sm.i;lst (elrd)

A

DEUTFIYIUIATICN UF SPAR LOADS

Assuming the total normal load acting at t ho C.P., the

load may be divided bet,'eern th•e spars inv,'r.,ely zis their

distance from the C.P.

C.P. = .2962 x chord

Front Spar .12 chord

Rear Spar .43 chord

C 31

111

- -.. , IC

W to front spar w.1115c (]126.7) a 54.5#/in. (Largest Chord)

W to rear spar . ,176Zc (126.7) - 72.2#/in. (IAri:,,st Chord)

W to front spar - .115C (5[c.) . 41.1#/in. (S-.' I]est Chrrd)

W to rear spar a .!767c (q 5.;) . 54,4#/tn. (Sr-,:Vert Cl ,rd)



CONSOLIDATED VULTEE AIRCRAFT CORPORATION
FORT WOR7H DlIVISION S S8V'1I I,

MOF)L. -AAIRP L ANE Rt PORT No ýr3

SIBESS ANALYSIS OF XB-36 TrSTNACELTT JkINSTALLATIO~N

IDETE MIfATION OF HORIZONTAL TRUSS LOADS

Assuming the total chordwise load distributed between the

upper and lower truss inversely as their distance from the

chord plane at the position of the C.P.

~~:A: 7' TAZL5..

/AAL~~3 5,EC T/O N

W to upper tru~ss 187/ (17.2) w 7.3#/Ln. (Largest Chord)

W to lower truss :(17.2) w 9.8#/in. (Largest Chord)



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAO•E 1
rORT W01RTM DVSONvsot I O-R' WORHii 1ýA

Mor.L. XB-36..AIRPLANE REPORT No 3s-16-106

STRESS ANATYSIS O XB36 TFST NACELTE & INSTALLATION

DETE•JINATION OF HORIZONTAL TRUSS, LADS (Cont'd.)

W to upper truss a (12.97) - 5.71#/in. (Smallest Chord)

W to lower truss a 6 (12.97) a 7.25#/in. (Smallest Chord)

•-d

A,!



CON'ý0LIDATFI V \u) Aif R(AAi-f 'T ION

XB -3 6 FZD-36-106

STRESS ANAL: SjS OF XjB-3 TEý.ST 2`ACE1,LE & INS2'ALLAT ION

SHEAJS & BS'IDING 'MOIJE:!TS 2UE TO AIII LOADS, AL'Cm

COVDITI0N 1 C 1.0)

F~RONT SPAR

-66(300Q~Q ) 2'J6P(3.2Q) -- 9900'- '2160 -1.
2 32 3160

R -12,0C0 Down

R* u~ -6(0) n~;3 - -9900 - 1080 *

2 6 26

H0 M 10,280# Down

The shear and beniding; moment curves may be found by the

integration of the loading cýurves and are plotte~d or- Fig. -,

Page (



CONSOL IDAr[ :[) VULTIJT AIW-*AfA'I 1 IN

X13-36 F .ZS-36-1.06

MSTESS ANALYSIS OF XB-36 TEST NACfELLM& INSTALLATION

REAR SPAR REACTIONS

i t "

T

R1 ,,-WL- WL - -163 (300) - 5(,300) -- 24,450 - 5300 - 2,,97•0f
2 3 2 -3

Ri - 29,750#,

Ro - W I - -6 - 30 - 53(300) - -24450 -2650 - -07,100#
2 6 2 6

Ro - 27,100#

The shear and bending moment curves are plotted on Fig._-

) Pagey,8 .

]II

'i -WL - !'L - -Il-85(300) -2(ZOQ -1780 -200 - -19804
2 3 2 3

R0 -" L 2(300) -1780 -100 -
2 6 2 6

o - # _ .



CONSOLIDATED VULTEE AIRCRAFT CORPORATION

rO[rT Wonjli ,)IVISION * F-,4T W.AT. T\Xka

MODEL -XB-36 AIRP'LANE REIVORT N0 FZS-3-69716

STH9§8 ANALYSIS O--F U-36 'ESW NACELLE5 - INS-,7ALL~j1Q.,

UPE HS (Contda.)

The shear and bending moment curves are plotted on Fig..

Page 'iL.

UAI Ta

rI 30 __

-iW. 3930 - 5.28X3O0) - -2150 -528 - -2678

- ~ 25-6 * -24140#

-- -

The shear and bending moment curves are plotted on Fig. L..,

Page 3.

II
-- . i i5 .5



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PA.i, 23
Fofr WOR!ý'C , 0)1SiON • it V.0 I ., 1149

Mor)L._A__"___A__._.. REPORT No FZS-36-106

OThEBS ANALYSIS QOF XB-0 TET NACELLE & INSTALLATION

SHEhS& f~NINGMOENT DE TO ATR LOADS ALONE

CONDITION II(CL. 1.5)

S5 'li" p. 1 tii '

1 4 11

EA --r I o

j --16 30 -,,,O ,,.or 700#•, -.

Ro - -WL - -. 4,1,.1(300) - 13.4(30) -6-160 -670o
r 6 6

Th~e shear and banding moment curves are plotted on Fig.Lpge__ _ _ j./F
.~CF j,), --



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 4ACF

X23-56 N~. 'S-36-1O6
MOniL- i'1 tAPRPL 

AN 
N,[

TREss ANAQSSOF-B-36-TEST NA L INSTUCION

Ri ~~ -54430 7900 86 7

kRi - -9940#~ or = qo°o

R 96

The shear and banding moment curves ar* plott•od~l an~ IU..,

A * I t ... .. .



CONSOLIDATED VULTEE AIRCRAFT CORPORATION f A.,45-

O1 , l'H I %% II"P .I N * II qVW1 l1Ii '•-Ir Al

M( t... ,X 3.T AiP• 6 ,,, ,.O,, NA-. FZS-36-106

STREIS ANALYSIS OF XlB-16 TEST NACELLE & INSTALLATION

UPPER TBISS

0 T - -- 67 2

Kt

.4.

Eo=-WL - W'L = - (3_) - 1,59(3OO) . -856 -15 80O

R=- 91por 26#ýfWDM

The shenr and bending moment evirves are plottrd on Fig. j

";::ge •'!



CONSOLIDATED VULTEE AIRCRAFT CORPORATION ,

[E. FZS-16-io6

j STRESS ANALYSIS OF XB-36 TEST 1, CELLE IS'"STALLATION

LOWER TRUSS

2i
(" ~~~1 •.z /,

R, -wr - WL --.- (2.'5(1o0)
r 12 3

Ri - 1088 - 25 a ;134 Fwd.

Ro -WL - W'L =- 24ý-10 - 2.5c(100)
r- -%-

RO n -1088 -128 w r272

R a 1216#I Fwd.

The shear and bending moment cvrves :tre nlott.,d on Fip. %

Pag•e -')

S"S"- .



; ,.

. .

S., { {•

* -

"* 
. I4,/ 

" 
N

/, 
w 

. \
SI 

L

II



r\.j

.
f.

I. I 

�ji =

I 
F

:1 
I , - I

N.

I 
N

I 1

. I 
, 

\I *

I: -� �I *

I- 
F

I Ki*� I

F FF H
L. .14<

I *

V *I� .
)'..

I 
, I

Ii. F I

I I
I-\I I

....................................................... 

1/NI)'

�cWc�
/1

(�j'

�) I

'A � 

v



'H j

J1 i

/1I[

IV ogv

II

--- -: I- -----

. . .i



'1

K 1*

- x
- k 

K
V 

>9?

1� 

I"

I
I' 

½ 
IL 

k-I. �

-½ 

'1. 

½

�-4; 

1,

�-*1�

I

½ 
'

� 

½
'.1

I 

I..

-4. 

4 S

V
I 

lIt 
� 

I

¶�j i�

/ H

�qtTY 
ptA

I



CONSOLIDATED VLJLTEE AIRCRAFT CORPORATION A

1-14 YITI , 'I rN *IV. NH TEIAS

XBDE-36-ý -IRLF R TN FZB-36-106

STAESI§ ANALYSIS OF AD-agj TEST NACELLE & INSIAILIUTTI

DISTRII3IIIOX OF DrEAD WETGHT

The complete stub wing minus the power plant was found

by actual weighing to weigh 12,880 lbs. To arrive at the

weight to be distributed the weight of the end plates and

end fittings was subtracted from the gross weight. The end

plates and fittings were calculated to weigh 3068 lbs. There-

fore, the net weight was 12882 - 3068 - 9814 lbs.

Three scales were used in the weighing and were placed

as shown in Fig. ( .The net scale reactions are also

shown.

Using lines X-x and y-y as reference lines the C.0. may

be determined as follows:

Summing moments about line x-x

x *- (Reaction~ Scale 1 x Distance to x-x) + (Reaction Scale

2 x distance 6 x-x) + (Reaction Scale 3 x distance to x-x)

RK * 1870 (217.75) + 2775(115.75) + 5169(161.95)

a 407,193 + 321,206 *837,120 - 1,565,518 in lbs.

Z - . " f l 1 6 9 .5 2 i .

Summing moments about y-y

ZK * (Reaction scale 1 x distance to y-y + (Reaction

Scale 2 x distance to y-y *1870(-300) * 2775(-300)

-1,393,500 In.#

XU lZ

Positi~on. of the C.G. relative to j~arts of

wing are shown on sketch Fig. ( Z)
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CONSOLIDATED VLJTEF AIRCRAFT CORPORATION 3-, ,
I-cs- Wo. 1) .. .... F"4 wm" W lhli IAs

, ,M .,-36. -_-AwF, IN REPORT No F, _ S-3, -n-06

"STRESS ANA-YSIS OF M-36 MT AMW & IKSTALLATION

DFAL) M1BH LESS LUGINE

Ass"ming a uniformly varying distribution of weight

along the spal the spaiv distribution nay be found as '7

follows: (load factor a 5 g down.)

Ultimate inertia load a 5 x net weight

a 5(9814):Z 4900701

Average Span Loading -xa IJInB M :la ZA 49A

, 163.7 #/in. of spar

• " *

tEF • clalil I -- •

Position of C'00 *.

X I x 100 -47.4 % of spea

From table of geoetria properties of trapesilds

11.37

bi :1.37 b2

N4
a'.--

Gm~cs~o_______________

_ + i , , .. ..... . .. .. . .



CONSOLIDATED VULTEE AIRCRAFT CORPORATION IA'.I

MooFi)r-36 - WoiArI A Lfr :• F . ,,y N4 ' 1 s136-1 6

STRESS ANALYSIS OF xB-I6 TEST NACELLE & DiSTALLAT.TO

DEAD WEIGUT LESS ENGINE (Cont.)

but (bl + b 2 )(spar) = total load

2
(1.37b2 + b2) (300) * 499070 #

b2 118.2 #/in.

bl = 1.37(138.2) x 189.2 #/in.

DISTRIBUTION OF LEIGHT TO SPARS

D&AD W-Elg1T LESS ENGINE

The ohordwise distribution of weight was taken as shown

below.

Taking half of the Interspar load to the front spar and

halt to the rear spar and finding spar loadings.

Load to front spar : .114 W/C 4 .ý,2 W/C .4085 W/C

Load to rear spar C .2.7 W/C .58 W/C a .5915 W/C

"nil lip..



CONSOLIDATED VULTEE AIRCRAFT CORPORATION .

XB-36 A.4 '. P,.,, NFZS-3 6 -Io 6

,TRESS ANALYSIS OF a-_.6 TEST NACELLE & INSTALAI•ION

DEAD WEIGHT LESS ENGINE (Cont.)

Therefore, loading on spars are:

Loading Front Spar Inb'd. Section - .4085 (189.2) : 77.4 #/in.

Loading Front Spar outb'd. Section - .4085 (138.2) a 56.5 #/in.

i, . 714 In ,

II

1- -

Loading Rear Spar Inb'd. Section : .5915 (189.2) a 112 #/in.

Loading Rear Spar Outb'd. Section - .5915 (138.2) a 81.9 #/in.

~If'

4,r , j.,



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PA k

I- CRT WuI, )HT I 1MIoN * Fony w ~m , ikA

SThEWS AnAklYSI or aXA6 TEST MACK"L & INSTALLATION

DEAD WEIG(T PLUS ENGINE

The loads from the power plant are found in table IV

Page -d-.

Superimposing the loads from the power plant at the

dead wt., the spar loading curves are shown belowi

I-%
77,4 $//, -T /,

7 7,4

gE..D N T;.*_ ,-.fýe

~Apr

S.. .. . . . f ii i r'i i i , ,, . . .. .-
-- -- II Il l i l l . . .. ... . l ...
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XB-36 A,-Y .... ? I ,s.. FZS-3 6 -10 6

STRESS ANALYSIS OF XB.-6 TEST NACELLE & INSTALLATION

DETERMINATION OF R3 & R2 OF FRONT SPAR

R1 W2 L t (Wi-W 2 )L - Pi(162) P2 (122)

300 300
* 6,5IAoo) 4 (77Z-ý65)Ip3.) -LA(6. 11W =-- 3 300 300

.8475 + 2090- 8400 - 4585

.1:-2420 #or 2&,Qj

R2 * W2 L + (wl-W2 )"- P(j138) P2(178)

26 300 300
8475 + 1045 7150 - 6690 -4320 # or

DETERMINATION OF R& R2 OF REAR SPAR

a L + 11Wj.I.3. Xu.... (20. + (128s9.AQ 4. )112 44113f

* 12,290 4 3010 + 22,000 + 10,100

j:Total Load - 47400 = 94479 - 47400 = 1= 2

The shear and bending moment curves for the total Inertia

loads alone are shown on Figs. & .. Page i7 &- .

BigR SPA

Examining the a4ir load shear and betting moment curvet

and the 5g inertia loading shear and bending moment curves,
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COý'SOLIDATED VULTEE AIRCRAFT CORPORATION PAGE 30

FORT WOT)ElH MISITIN H FOR(T WCRINA TLXA5

MO~EL~~
4  RPORTN.FZS#.3

6 -IQ 6

5TES urk QE Xp-16 TEST N&CBLLE t & AIT

it is found that the inertia loads in combination with either

of the air load conditions might give a critical condition.

Both conditions will be investigated.

Increasing the unit air loads five times and 3uperim..

posing the loading curve upon the 5g inertia loading curves the
loww become(

212 r



WA 
0=9W Man

CONSOLIDATED VULTEE AIRCRAFT CORpOFRATION

A N N, FZS -36-l06

STR&~SS-ANALYSIS OF (CB-36 T ST NACELLE & INSTALLATT N

A W .

The resulting shear and bending moment curves are shownf

in FigUre /0.. page i.



CONSOLIDATED VULTEE AIRCRAFT CORPORATION A'-/

FORT WQUTrn lb. PI()NII

STRESS ANALYSIS OF XB-36 TEST NUACELLE & INSTALLATION

COMBINED AIR AND INERTIA SHEARS AND BENDING MOMENT,3 ON SPAS

FR0NT SP

Examining the air load shear and bending moment curves and

the 5g. static loading shear and bending moment curves, it is

found that the air load condition where CL = 1.0 in combination

with the 5g inertia loads will be the critical condition for

the front spar structure.

Increasing the unit air load curves five times and super-

Imposing the loading curve upon the 5g. inertia loading curves,

the loading curve becomes

: r*
,s'i j,'

274

A'..MT... A0 '

The resulting shear and bending moment curves are shown

in Figure r Page 421 .
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X13-36 FZS--36--0o6

; A"ALY3 ) .. OFJ...6TE8T .. ACM,4LUE &J;i IAIQ4,0N

ANALYSIS OF 0Y ;,AMS1

The applied loads are takon as the i!,axflnmim loadss from the

three conditions, (1) 5g. inertia loads only; (2) 5g, inertia

loads 4 air loads, CL 1.5; (4) +,iu. , ]i,'i: ,

FRONT SPAR"

For point and memiber notations refer to sketch, Fig.UL_.

Applying vertical shear at K to diagonal KB.,'hear 62,250#

down.

PK1B Shear where angle between KB and horlzontalsin

sin 6 .7° 73,60oOf Tension

Member is a 3 x 3 x J- angle Area 1.4cs"f t 710 = 51,100#/sq.in.

FT 6 0,004/sq.in.

M.S. = FT - 1 - 6.0200

Applying the vertical shear at L to diagonal LCQ Shear

53, oo0#
PLC = Sh2ar x 53 = 75,000C Tension

sincw sin 450

ft A = 1.44 sq. in. (3 x 3 x - angle)

ft 7 52,0OO#/sq.in.

Ft T 60,O00O/sq.in.

ft 52no(~



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PA .•I 47
F-'~i Wt•,RPI Iil\I<W. " WORT it. TflAs

,,.., _ - WPI ANL REPOR, . No _-__--lO6

STRF.SS ANAd$QISE OF XB-3i6 EST NACELLE & INSTALLATION

XA SPAR (Cont'd.)

Obviously, since the member MD is typical of members KB

and LC and since the shear is decreasing toward the center of

span, MD will also show a positive M.S.

SApplying the vertical shear at N to diagonal DO

Shear a 26,700#

PDO: Shear 26.700 36,900#Csinot sin 4-6.3°0

Length of DO 5 50 inches. Column fixity C = 1.0

DO is a 3 x .083 C,,M. Steel Tube.

Allowable C Impressive Load a 479000#

M.S. z 47-000'"~~ &j6,900"

Applying vertical shear at 0 to diagonal 2LMax. Shear Z

16,ooo#

POF: = Sh -z 24,600# Tensionsin at- sln 40. r

Member OF i6 Q 3 x .083 C.M. Steel Tube

Area = .7606 sq.in.

Lt : 32,350#/sq.in.

FT = .841 (95000) 8 0,O0O#/sq.in. (Ref. AMC-5)

M.S. :__T 1 8010W - I1
ft R2,3 50

ACKW

Ar-- _ - .. .I . .... ... . . . . . .z. .



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 4,A, .. 2

~ ~"__FZ.s-36__106

STRESS ANALY$IS OF XB-36 TEST NACELLE A .jNSTALL•ATIO

FRONT SEAM (Cont'd.)

Applying shear at G to diagonal GP.?Max. shear : 35v0O0#
GPo " .,..._ 3~,, 5o,4O#

sin c- sin 440
Length of GP a 45 in. - Member: 3 x .083 C.M. Steel Tube

Allowable Compressive load = 51,500# (Ref. ANC-5)

M.S. = 50Q0- 1 +020

50400

Applying the vertical shear at J to diagonal .S.Max. Shear

59,300#

PTs -= Wax. S ha 73,800# Comp.
sin cv- sin

Length of JS v 30 inches - Member - 3 x 3 x i in. angle

.93 -".3 " 32.3 in.

FC = 58 ,200)#/sq.in. (Ref.: A.I.S.C. Handbook)

fc = 51,200#/sq.

U~.S. = F 5.Q
ft 5-1--206fC

Since the maximum shear curve decreases inboard and since

the members are of typical section, obviously members HQ and

IR will show positive margins of safety.

Fm



CONSOLIDATED VULTEE AIRCRAFT CORPORATION P-.lk

FofRT Wo,. K DwatSom * O¶w"ItT., Taxoks

Mon LXB-k AIHPL A N REP(ORT No r7S-73C-1Q6

STRESS ANALYSIS OF XU-36 TEST NACELLE & INSTALLATION

FRONT UAR (Cont'd.)

Maximum bending moment occurs at Sta. 23.

Checking axial stress in chord member at that section

Area per angle . 1.31 sq. in.

Max. Moment = 5,500,000 in.#

Axial Chord Load . 5.500.000 x 147,300#

f ~b x147.300 56,3000/q.in.

U.S. a 60,000- 1 =÷.6

For point and member notations refer to sketch, Fig. jj.

Applying vertical shear at K to diagonal KB. Max. Shear .

.1,0500#

PKB = Max, z 191& . 113,100# Tension
sin stifin63

KB is a 3x x 3 z in. angle, Area g 3.25 sq. in.

ft = 1 0 = 34, 8 50#/sq.in.
FT-6
T= 60- ,OO#/sq.in.

U.S. - - 1 -=-Q.------ t
ft34F5



CONSOLIDATED VULTEE AIRCRAFT CORPORATION

MCo11EL__-___j3
6  

-A-h, LAnE: kp No --T FZS. 3_6-7106

* STRESS ANALYSIS OF X2-36 TEST NACELLE & IN$TALATION

BEAR SPAR (Cent' d. )

Maximum shear causing compression - 47,700#

PKB a s12-S 7QQ 53,200# Compression

S=1.06 Length of KBD 5

14 = 52

Fc= A0 3 = 32, 600#/sq'in.

5 z 16,380#/sq.in.

M.S.: = C I. -1* ,0 --1 -M

Since the curves of shear decrease inboard and since members

LC and MD are of typical sectlons, the members LC and MD will

obviously show positive margins of safety.

Applying shear at N (Sta. 104) to diagonal NE

Maximum Shear = 36,400#

PN" v X Shear 3 6,E = 45,600# Compression

NE: 3J X .095 C.M. Steel Tube Length = 55 inches

Allowable Compressive Load a 64,400# (Ref.s ANC-5)

M.S. oa 
-4I400 

- 0.41

Since members 2Z and EG are subjected to less shear than

Sand since Z and Eg are typical tubes, obviously they will

show positive margins of safety.

Ai



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAck

rORT WORTH DIVISION F M111 WORTH, T.XAS

Mo 20t3X-36 AIRiPLANE REPoRTN..FS3-o

9 1gS ANALYS IS OF 2W-36 TZST, NACELLE & INSTALLA2IO

REAR SPAR (Cont'd.)

Applying the vertical shear at T to diagonal Js

Max. Shear a 889500#A

JS is a 3jx 3j x~ in. angle P a 1.06 A =:3.25 sq.in.

Ps Max, Shear 880 102,1.0041 Compression

sin o4-, sin 95

.a =i 10,10 31,420#/sq.in.

FC 170 370 34,700#/sq.ifl.

ES. ~ 0 01

31,420

Since the shear decreases as the curves progress inboard

and since Uj and Q are typical sections, obviously they wlfl

show positive margins of safety.

Maximum bending moment due to combined loads occurs at

Sta. 231- 138 inches from inboard end. Applying this amoet

and checking chords in bending at this station, M~xiumw na.nt

+. 5,500,000 in. #

Chords: 2 -3 x x~r inch angles*

1 A



CON!SOLIDATLD VULTEF AIRCRAFT CORPORATION

I t''' ,- ,!- - f l Wo".. or

11 ... 3•IB 36 - AIIP[ ANI ! N!.,'1.. iF ZP13 6-io6

SSTRESS ANALYSIS OF xB-36 TEST NACELLE & IN,8TALLATION

REAR SPAR (Cont'd.)

Chord Axial Load 5 5001000 - 1199400#h 46

fb a Chord Axial Load w 45, 600#/sq.in.

U.S. = 0 - 1 i

Maximum bending moment due to inertia loads alone occurs

at 110 inches from inboard end of stub wing.

Applying this moment and checking chords

Maximum moment w 5,500,000 in. #

Chords 3 x 2 x j in. angles 1

Chord Axial Load a f z 5,0,1I 1179000#

fb: Chor2d Axial Load u • . : 44,650#/sq.in.Area 2x1,.31

FB *60,00

X-..8 i FB 1 60,OO -1

-13
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION A i
F ,PIV W ORTH 01Vi lION o)Ihl

Mil I,_ X.8-•6 Atir Ri., -T N<, FZS-36-106

BIREk§ ANALX§I§ OF XkaB-6ET NAGELL & INSTALUTILj

MAALI F ENGIiR MOUNT WIIG FITTINGS

Descriptioni The engine mount wing fittings are constructed

of welded structural steel, and are shown in Figs. 15 and 14.

Location: The fittings are attached to the rear spar of the

wing. There are four fittings, two at station 23 and two at

station P4. At each station there is one above the upper

-chord of the rear spar and ona below the lower chord. Accom-

panying sketches and drawings give the dimensional locations.

The loads imposed by the engine mount on the fittings

are tabulated on page , of this report. The loads are re-

solved into components in three directions - (1) The vertical

direction perpendicular to the chord plane; (2) fore and aft

(drag) direction parallel to the thrust line; (3) side direction

perpendi'cular to the thruit line.

Method of analysis: The loads are applied at the face

of the bushing block and carried through the fitting, weld

plates, etc. to the wing structure. Welds are assumed to

transfer loads only as shear connections and the equation for

allowable loads for welds on low carbon steel from ANC-5 is

used.

*"1
Ir
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION PA.L •
7zr;-. V-- WORTH. TLXAS

MoDELXB-36 ARPLANF REPORT No FZD-36-106

* STRESS ANALYSIS O2 XI-36 TEST NACELLE & INSTALLATION

VPER ,ITTIF: A STA5ION M3

Ultimate loads applied at the fitting-mount connection are:

(Ref. Page ,j)
1. Vertioal load a 13,337 # Down

2. Drag load - 40,213 # Aft

3. Side load - 6072 # Inboard

Applying the total drag load to the block and checking the

weld to the fitting for strength in shear:

Pt - 40$213 # Aft.

L - 2 (1.625) a 3.25 in.

Pw - 32000 Lt; t - 1/2 inch

- 32000 (3.25) (.5) 6 2000

M.S..a -- 1 .29

Applying the total drag load to the fitting and checking at

section BB for tensile strength. PFt 40)415

Area, A a Total Area - area of bolt holes

- 3.5 (.5) + 2 x 3.125 (.5) - 2 (.5) (.b)

- 1.75 * 3.125 - .5 - 4.875 - .5 - 4.775 sq. in.

ft - P u40.=~ - 9190 #/Sq. In.
t -I4 5 n

J +'~~~T " 6rjoo,/•.,+,
.S. - • -1 - 5.54

..- "+• .:•" 2+-++A,...•



(70IC;nID_nATrfl VHI TFFr AIRCRAFT CORPORATION FA~tE

I-FOP WORT14 DovOIOuN . IR Wo n] 11.i TrXAs

AL~J AIRPLANF RtF'uRT No

A ~STRES ANNALYIAT S QV YR...A T~T MJAC.MTE I14fTLUTITON

UPPER-FlTTINQ Al §TATION 231 (Cont'd.)

The nine 1/2 inch bolts and the meld along the upper

edges of the inboard and outboard weld plates may be con-

sidered to resist the drag load. The resistance offered

by the components (bolts and welds) may be sasuined propor- Ak

tional to their relative strength. The bolts In addition

must resist the side load as shear

Ll of outboard weld plate w 6 in.

L2 of inboard weld plate -3 1/2 in.

P'w / inch - 32000 Lt
t a .25

PW/ inch -32000 (1) (.25) a 8000 #

Pw Total -8000 (9.5) - 76,000 #

p8 a 14720 #/bolt on 1/2" bolt
Ps Total - 14,720 (9) - 132,700 #

S allow as Total PW + Total P3 = 76,000 *152,700 - 906700 #

Pts 40,213 #

Total Shear in Welds a * fm xW4 (Pt)
Srengt orweld strengt of 0ot

aU6,0 (409213) w 14,660 #

(Tot(eld)l shear in welrsý 1-l - a dl

Shear in bolts due to drag load - Total Shear -Shear in Weld

-40213 -14650 *25,66 #



£ ~S CONSOLUDATEA VULTEE AIRCRAFT C"OP"T'O"

"No FZb-3b-i06:F

SB-S6 TS.ALYSIS OF &T-•AT..

PjITTING AT TTATION- 2 (Cont'd.)

Shear per bolt due to drag load - - 2840 #

Determining shear in bolts due to side load

Cross sectional area of one 1/2 in. bolt .1961 Sq. in.

KAy about line X-X - 4(1961) (2.625) + 5(.1961) (.875)

- 2.06 + .859 a 2.919

UA - 9(.1961) " 1.765 sq. In.

MA 2jjZ 2 - 1.651 In.

lAx about line Y-Y a .1961 (11.25) + 2(.1961) (9.125)

* 2(.1961)(7) * 2(.1961) (4.75)

.2 (.1961) (2)

- 2.21 + 3.58 + 2.75 + 1.86 * .79

- 11.119

a LL 11 - 6.35 in.
U- iI.U

Wi. 
-(X y2 ) since R fx.-+.2

- (4~~2,~~I 752# (4-.r52+33~I77.2

• a 113.96 .. .

iI.



W"tR AM M IR-0

CONSOLIDATED VULTEE AIRCRAFT CORPORATION P~A6 S°
FONT Wo.rH DivIsION . FORT WORTH, TEXAS

MODE, XB•36 AIRPLANE REPORlT NO. FZ86-l06
I

UPPER FITTIJOI a! STTI" (Cont~d.)

)omet of shear about C.G. of pattern w 6072(6.58.1.625)

a 48,450 in.#

Maximum R 4.96 in., x - 4.91 y s .775

Shear in drag direction due to side load -

Shear in side diredtion due to side load

I .

' 676 2082mZ2767

Total Shear In drag direction a 550 + 2840 a 3170f

S Total Shear in side

Total shear on boltý * 2 F Y *4205#

11.S. a 14.

Since the side load is carried as shear in the bolt.

and the vertical load is to be taken directly into the spar

by the diagonal K, the drag load is applied and the fitting

may be put into equilibrium as shown below.

14,loi L 5

-44t

I I.

~w22:2Zi~~~A,



CONSOLIDATED VULTEE AIRC;RAFTI TOuFAAOI ~ w_
VCoFI WOFITII DIVISION * FI;R-.,oy"TaX4Ai

Mn~DFL XB-36 AIRPLANE RapoltT No. FZs-sr-10-6r

95 STSS ANALYSIS OP' XB~-36 TEST NACMLL- AnD IN~rkL l

UPPER FITTIIG AT STATION 23(Cant.)

First assume PW W

Summing moments about point 0

(1) - (PW2 x 6) (P x 12.25) -(14650)(*65) *40215(L25W) \,~l'

(2) - Pw 2 +Pk + Pl 0

Since Pw1 w Pwg

2PW2 Pk~ a 0

Substituting in (1) and transposing term.s

(1) -~!~)x 6 - 12.25 Pkc -4021.3(1.625) + 14650(.65)

3Pk -12.25 Pk *65,400 + 9630

-9.25 Pk *66,870

Pw2 _ -3020# or 3020 M U ____ 
-4I

2

Pwl - - 3020f or 3020#'ý.

To determine the stress at section A-As

i". A4



CONSO ..... 0D 1-'F . AIRCRAFT CORPORATION .

A !T q l I mln -FZS-36-1.06

STRESS ANALYSIS OF XB-36 TEST NACELLE AND 0STALLATION

UPPER FITTING AT STATION 23 (Cont.)

PROPERTISS OF SECTION A-A -2.. .
Item AreaL A_.. Y Al Y1 Y . Io

1 1.00 1 1.0000 .35 .1225 .1225 .333

2 1.75 .25 .4375 -. 40 .16 .2000 .0-7

3 1.00 .1 1_0000 .35 .1225 .1225 .333

3_• ... 5 2 .4375 .525 .703

= -2.4.75 - .65 in.
A :3.75

Ic.g. Io * AY1 2 - .703 + .525 - 1.228 In. 4

Summing moments to the right of section A-A about

the neutral axis of A-A1 we have

MA - (Drag load x distance to neutral axis of A-A) +

(Pk x Dist. to Section A-A) + (Bolt load x

distance to neurtal axis of section A-A)

Bolt Load - load taken by firts 4 bolts

- 4/9 (Total Bolt Load)

- 4/9 (25,56.) - 11,360#

E MA - 4021.1(1.626-.65) - 6040(6) * 11360(.C5)

- 39250 - 36240 + 7380 -* 10,390 in. #

ft (section A-A) a MAC w423 1ý013
_r~ ~ .3 5 1. 22 8

- 10,720 * 11,410 - 22,130 i/sq. In.

FT - 60,000

g U.S. - fQ- - 1 - + 1.71



CONSOLIDATED VUL_1 E M AIRCRAFT C..P.......T1.N

MOM Lw XB-36 .,'Ti ANF Rt rc, fN FZS-36-106

STRESS ANALUIS OF XB-Z6 TEST NACELLE ND INSTALLATION

UPPERL FITTING AT STATION 23 (Cont.)

Applying the load Pk to the diagonal and assuming

the applied vertical load Is taken directly by the diagonal

K,

Total Vertical Load - Pk + Applied Vertical

w 6040 + 13t337 - 19, 377#

cK._(Refer to sketch) w 450

PC 1262 ,, 279400#
Sin 450

PROPERTIES OF SECTION C-C
Item Area Y AY Y ___ .2 AYI_2 Io

1 .203 .875 .1777 .466 .2085 .0423 .0446

2 .546 .0625 .0341 .3465 .1200 .0656 0

3 .203 .876 .1777 .466 .2085 0423 .0446

X r .952 3.895 .1602 .0892

S+ M--00 .409 in.

1€.g. - 0o + AY, .1502 4 .0892 .2394 In.4

~f a F ..23 .502 In.
LA

LC a 5.5 in.

LC,,,2 ' 10.95 lo.

A. *



CONSOLIDATE'1) VULTEE AI(-RAT COPORAIIN CA-

STRESS ANALYSIS OF '-3"i TEST NACELLOF _Ira TON

QE~ITI;,G AT STATION ?Z (Cont.)

"F * 35,200 #/sq. in.

PC - A x FC - .952(359200) - 331500W

iA.S. - - 1 - +.22

Applying the loads to the weld plate and checking

welds for strength, considering all the loads on one

plate,

f.6

Summing Forces in a horizontal direction

-' 0 *14660 - PwS
Pw, -149680#

The horizontal couple Is resiste4d by a vertical

couple of magnitude 6 Pw4 .

Summing moments about center of plate.

7 Pwl - 6 P*4 -0
6w , Pw 'j (14650) 1710Pw4 f 2 P 17,1W0

Since there are twv weld plater, one or ea,7h side of

the fitting, the load obtained above is divided b: two t,

obtuin the load per plate.



CONSOLIDATED VULTEE AIhCRAF I' CORPORATION

! ..InL ^ .AN, ,, i N, FZS-36-106

9TRESS ANTISO xB.-16, TEsT NiACELLE & STAIIATIPUI

UPPER FITTING- AkT STATION 2, (Cont.)

Therefore,

P = :x 3020 1510#
W1

PWl = x 3020 1510#

P x 14650 - 7325#

P,, : x 17100 855o#

Pffin. 32000 L 32000 (1)(.25) " 8000o)/1n.

Determining the loads in pounds per inch of weld.

Segment AF LAF = 1 inch

"P W z 2 3020#/in.P'AF 1'

LfAF

PW = 8000#/In.

M.S. == - =0

Segment FE

PW FE =P + P4 1 2

p, I + 51'O0#/in.

~ I;-I
r; 4 ~~



CON.CL.IDATUI) VJIIIFFi AIRCRAFT CC .... PATIO,

1 STRESS AIIALYSIS -Of XR-16 T ...ST hC1ELlr... "...LLA.....

UPPTT FITTTIEG AT STATIOn 23 (Cont.)

Segment CD LCD m ½ in.

p D 2 + pw 4 - 1710 0 - 5 o + 28•o

'LCD L.BD

P wCD 2300/in..

Pw = 8oo0#/in.

M.S. = 8000 1 + 2,48
2300

Segment BC L 1C ,;I in.

1WBC0 :-2010

PPw : 2010#'/in.
BC

a 8000#/in.
M.S. = 8000 - 1 29

Segment AB and ED LAB LED 6 in.

PWA 465 = 14650 2442,r/in.

""AB

P WED p WAB = 2442#/in.

M.Sw 8 I000#-"
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CONSOLIDATED VULTEC AIRCRAFT CORPORATION
j Ont vvot-l 0-!110r V'* W"RH I IWFT A!

I E-3 6  
Amir No FZS-36-106

SSES ANALYSIS OF X2-36 T-ST NACELIE AND INSTALA.TION

ANALYSIS OF ENGINE MOUNT SUPPORIg- BgLMLFIDS

The engine mount support bulkheads are of welded structural

steel construction. Pages 6' and 73 show the essential dimensions

of the bulkheads.

The loads from the engine mount are distributed to the

spars and to the upper and lower chord trusses by means of

the bulkheads.

The system has one degree of redundancy, but since their

stiffnesses are approximately equalt the overhang moment is

assumed reacted half by the chord trusses and half by the spars.

a

H -



(-_r-OL'5LDATED VLU TEE AIRCRAFT CORPORAATION

, Xi-36 _ .A., ^Ff AN- F. R ,i FZS-36-106
SThESS ANALYSIS OF XB-16 TEST NACELLE AND /INTALLAQIO

DETERMINATION OF REACTION POll Bý

(For engine loads refer to Table U Page .5

I A . 46813(2.75) + 11,799(7) * 13337(7) + 40213(47.24)I 128,800 + 82600 + 93400 f 1,900,O00

= 2,204,800

Moment balanced in upper and lower trusses 1 91,02,400 ",

Moment balanced in spars 1 $1,02,4oo nl

7 1 BV a 1102,400

Bv a l5v53O#i

Shear at front spar a 15g30#

Y FV a 0 Shear at rear spar m 159530 + 13,337 4 Il1799

4 *o,666#

Truss shear to balance moments a 1 . 24,6001
.UFHO

Horzsoutal Force at Aa . 40213 + 24600 4 46813 a 31200#

D.termiing intermal loads

Taking Joint B as a free body

A

(4iftir ',TIT,



V

CONSOLIDATED VULTEE AIRCRAFN CORPROATION -

MXB3 _PLAN E ,,IM No FZS-36-Io6

STBES& ANALYSIS--or XD.-16 TEST NACELLE -AND INSTAL.IAT10N

D.ETEMINATION OF RFATI0N§ FOR BUR!IMFAD #21 (Cont'd.)

(1) AB sin 2.4o + BC sin 46.90 15530 0 0

EFHa0

(2) AB cos 2.40 . CB cos 46.90 0 0

AB a g2 : .685 00 -

Substituting in equation (1)

.685 cB sin 2.40 + CB sin 46.90 15,530

(.02865 + .73) CB 15530

CB : 20.O0• Ten..

A& a .685(.-01500) x 291119

Taking joint 0 s a free body and solving for CD • A CA

C, : D sinceZ PH at 3 must a 0

(1) DC sin 6.20 + AC sin 49.4° - 20,500 sin 47.20 a 0
L-FH a-0

(2) AC Cos 49.40 + 20,500 cos 47.20 - DC cos 6.20 x 0

(2) AC 94DCa - 11910 1.i525 DC - 21,400

,'6kA



(ONW)OLiI.ATED VIJF r-:F AIRCRAFT CORPORATION PA',,t 76'
1 XB36 .--. , fF -. o6

SRESS ANALY6SI OF XP-36 TENST NACE-L.(_.-N -NSTALLAZIýIN

DETERMINATION OF EEACTIONS FOR BULKHEAD #f2 (Cont'd.)

Substituting in (1)

.108 DC +- .759(1.525DC - 21400) - 15,050

.108 DC. + 1.158 DC 150.50 4 16220

DC. 112706 a 24,720# Tensionl

_AC 1.525(24720)-21400 a 13Q Coup.

Shear to upper truss ="FH at D

-F1I a 24,720 cos 6.20 * 24600 - 4,0213 u 8887#

Shear in upper truss a 8887#

Shear to lower truss = :FH at A

FH at A x 31, 2 00 - 46813 + AC cos 49.4 0 + L coo 2.40

= 31,200 - 46813 + .651(16300) . 14,030(098)

15,613 + 10,700 + 14,00

Shear to lower truss a 8887#



CONSOLIDATED VULTEE AIRCRAFT CORPORATION PA,, 7/
FORT WGoRI DtIVI5Io)n . * FOw1 W,'ih TI -

M,)DLL XB-36 AP.ANF, FZS-36-I06

§JTBEa ANALYSIS OF XB-36 TBST NACKILE AND MIXALIA1iIN_

CHECK. OF MEMBERS FOR STRENQTH

Checking member DC for strength

Load DC - 24,720# Tension

Section of DC - 4 x 1 5/8 x 1/4 open channel

A 1.82

ft * - 139580 #/sq. in.
1.82

FT 60,000 #/sq.in.

MA.S. - 600-1-

Checking imaber AC for strength

Load in AC 169300f C

Section - 4 x 1 5/8 x 1/4 channel

A + 1.82 I (least) - .58

Yp (least) - ••82 - .465 In.

L4. -119

Fc 700 - 21,000 #/sq. in

fc - * 8,960

M.S. * -1 _

Checking member CB for strength

Load CB w 209500 # Tension

Section 4 x 1 5/8 x 1/4 open channol

Area * 1.82 sq. In.

C"I



CONSOLIDATED VULTEE AIRCRAFT CORPORATION 7, 'l
FnRl WoRWH Diviloh ~ F ohl WoRY1, T~xAS

M0XEBA-3-6 -AMlPLAINF RFPOIZT W) FZS-36-106

Sr RESSH ANALYSIS OF XB-36 TESTg NAC•LLE AND INSTALLAT ION

CHEK O MMBE~ FR TWMNGT (Cont,.)

ft 11,280

YT- 60,000 #/aq. in.

U.. -3. 1 +4.S2

Cheoking member AB for strength

Load AB - 149030 # C. Section (typical)

k1 - a35.75 inches

*o.4565 n.

3-7 '78.1

Fa *" 27,900

f- a - 7720 #/sq. in.

U.S. -f-. -I -* 1 *2.6
ro 7720-

Mix a 30290(46.25) * 9M(2) 7670(2) * 36923(3)

a 1,400,000 * 18,186 + 16,340 + 110,800

a 1,644,326 in. #

Moment reacted by front spar - - 7721630" #

68.6 dv - 77"2,163

Moaent reacted by force at F - 772,1634 #
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CoNrSOLWOATEU VULTEC A-IFRC.AFT o7.Rpo-RATION
F"I WORTH wv~O o wn i W .T ikAg

'Porce at~ 7vr - 2o6 1O8

shear at front spar? &

8aiso at rear spar 3_1 280 4 9M~ + 7670*

sQiLs. Toree at K S 0390- IB 388 6923

Zaklint joint z an a free body and solv1D4 for 03T & YZ

(2) V Co 1 Of 03 Go$ 47*50 0

BubatitutW~ (ow U In equatlOU (1)

qj *in 0 coo 47.0 tan 10 11U280

(,735 *.01182) 03 * 11280

co 119

Cos



COTSSOLIDAT5tJ VULTEE AIRCRAFT CORPORATION -7tGe

FoNT WGMTH Qvisitom FoAT W0*VH.Tr4AA*

Dmv(Cont.) 
-~.

Taking Joint G as &fr9e b00' SW~ SOlving fee 0P at

6, .-*X-.

GH 0 since PR1 at H must. aqua! 0.

00

(l'0fl B+ XG sin 49.20 2WSin 4 7 4  *
I r L

U0

(2) Ml COS 49.20 +GJ COS 47.4- FO GOMI 6.S09 --

Nil - U Z mM.' 122cas ILI!
COS 4w w

Substituting for 10 in equationl (1)

PG sin 6.80 (P0Q r .B 1 O CON 07~ IS 4 . *

is0m sin470

.118370 1.14970 11,080 + 11,8M 22,900

I& Q1.070 gog 15O1O . m-gg 47s4

17?80# C

Shear to upper Tniuss *F at P~

EFH at F -- 30290 *18280 + 18070 coo. 6.e - sawn

T A I A P,



CONSOLIDATED VUI 1EE AIRCRAFT COPPORAHION

XB-36 FZD-36-106

STRESS ANALYSIS QF Y-B-36 TE81 NACELLE AND INETALLATION

pETER;2NA ION OF REACT'nP . #

Shear to upper truss a 5950 #

Shear to lower truss - EFF at K

WFY at K - - 24813 e 36923 - 11780 cos 480 - 10-20 cos 10

- -24,813 + 36,923 - 79870 - 10,210 -5970 4
Shear to lower truss - 5970#

END PLATE BOLTS AND FITTINGS

DETI~iINIgG SUJPPORT REACTIONS

Due to inertia loads (5 g.)

Inboard end of stub wing

4. '1$ 'f
141

2 1MR1 = 0

2420 (29.75) + 47,479 (51.688) - R2 (102) -0

102H,-2 72,000 + 2,45C,000

R 26O - 2,0

Fv -0

2420 + 24800 - 47479 * RI 0

R1 - 47,179 - 711 i D

S• ..



CONSOLIDATED VULTEE AIRCRAFT CORPORATION

. - .... FZS-36-106

STRES6_ ANALYSIS OF XB-76 TES3T LAClLLiE ! INS'XALLATiON

DE1ElNINGA w3 R f T

Outboard End of ,Stub Wing

47,079 (104.5) - R2 (102) - 4320 (42 1/2) 0

102B 2 a, 49930,000 -183,800

Inboard End

,4 -~t

Pc4 ,, .'' f



CONSOLiDAThLD VULTE. , FT CPORAT1ON

XB-36 eRLNRE0ToFZS-36-106

SSTR�S RNALYSIS OF XB-56-TEST NACELLE & INSTALLATION

DETERMINING SUPPORT REACTIONS

M.-1 - 0

62500 (29.75) + 102(R2 ) - 1011500 (51.688) = 0

102R2 - 5,250,000 - 1,859,000

ZFv ai o

62500 * 101,500 - 33210 - B1 " 0

!1- 1309 #
Outboard End

~AFT. 5UPPQr-T

-5900 4251)8- (104.6) Ri *8)04

102

EF ,, Sa * 590 - 1.6 • • - J*.4. #,

gH=jN §=0 LJKA I BOLTS T=NFEMRIJ "QA fl(g PA=B TO2

Inboard Rnd

1. Bolts at rear apar = 48 - A56-22A bolts

Maximum shear - 101,500 #

p ,-_ _
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION PACE

FORT WoRTH LiVI.sON * FoRT WoPrH. T&XA

M~rLTh--q-ARPL ANr Rvz;'oRv NoF ?ZS-36-106

s'p.E5 ANALYSIS OF XB-36 TEST NACELLE & IISTA 19 IIDN

CIREPKTIG SHUR. in BOLTS• T =AW• •D&FROM SPARS TO EI

Allow. Shestr per bolt - 8280 2'

Shear per bolt -* - 2115 #

Bolts at front spar = 38 AN6 - 22A bolts

Maximum Shear - 62,500 #

Allow shear per bolt w 8280 #
Shear per bolt u 2 1646 5

M.S. " -1 - +4.04

)Outboard Bad

Bolts at rear opas A16-27A 29 bolts

Maxim=m Sear a 688,200 #

Allow Shear per bolts 8280

Shear per bolt IMA M 3946*"

Bolts at front spar i AX6-27A-20 bolts

Maximum Shear& 59,,00 #

Allowable Shear per bolt - 8280 1
Shear per bolt - 5, LI95 #

U.S. -•, -1 a .1.79

A~v~ I



% ýýPý- __ -__ - -

XB-56 AI ,FZS-76-106

STRE•, ANALYSIS OF XB--H. T1€T L . & "I........IO.

C+"ECING S-ER IN BOLTS TRANSFERRING LOAD FROM En- PLATE S

TO MITTINU(-

Inboard End

Bolts at forward support

31-ANS-3IA Boltb

Maximum Shear - 130,790 #

Allowable Shear per bolt - 14,720 #

Shear per bolt -1 - 4215 #

U.S. * -4,2g0 -1

Bolts at aft support

29-AN8-31A bolts

SMaximum Shear - 33,210

Allowable Shear per bolt - 14t720 #

Shear per bolt - Z3,210 1147 #
29

M.S. - 1 -1

Outboard End

Bolts at forward support

36 - AN8 Bolts

M' aximum Shear - 32,400 #

Allowable shear per bolt - 14,720

Shear 1jer bolt -2Q -900

46
" 900 -1- +.•__

8P
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C -')Nt•O)l \TI I V HII T[[ AIE'.CI-AFT '()IO• I I(ON "

XB-36 FZS-36-106

-,RP. IAL-VIAT Q OZ, Y13 OTET 4CELPT - & INSTALTJJION--

Ctr,'KING SHEAR IN BOLTS TRANSFERRING LOAD FOM, END PLATES

TO EITTIUNGS

Bolts at art support

27-AN8 bolts

Maximum Shear - 115,100 #

Allowable Shear per bolt - 14,720 #

Shear per bolt - 4 - 4266 #

'A.S. 4-WJ~ -1 m +2.45

ANALYSIS OF SUPPORT FITTING

/0

A .

Checking shear tearout of lug

Allowable Load -2'xittFS) (Ref. ANC-5)

x as shown on sketch

t - thickness of lug

Fs. -ultimate he :r a o,ý,.ale



CON9OLIDATED VULTEE AIRCRAFT CORPORATION ,,A ,

- 6 N FZS-36-106

STB~SSANALYSIS OF XB.36 TEST NACELLE & INSTALLATON

Allowable load a 2 (1.6) (1) (.76 x 60,000) - 144,000 #

M.S. - 144.0O0 -1 -
130,790

Checking tension at section A-A across bolt hole

Allowable Tensile Load, PT - (2R-D) t FT (Ref. ANC-5)

PT- (2 x 2-1) (1) (60,000) - 180,000#

M.S. -1, -1 u .0.377

- i- ----
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('ON!3;OLIDATLU!) \/ULTEE AIRCRAP F (,r- ', I•iJnIJ

XB-36 A, FZS-36-406

'3TBESS ANAkYSIS9 OF XB-36 TEST NACELLE AND INSTALLATION

ANALYSIS OF AlR LOAD IIT' ,r ,Um,.hI.RD

For purposes o(f analysis, a section at Sta. 21 is taken

as a typical bulkhead.

Chord a 249.5"

Dist. midway between adjacent stations 38.5"

Loading at L.E. = 2.263#/sq. in.

Loading at T.E. = .052 6 #/sq. in.

Load per inch at L.E. a 2.26 z 385. 87 A,2#I.o

Load per inch av. T4- .015AQ xi 38.59 a 2-O25#/in-

Rate of change a 87.2 - 2.=a .341#/in./in.24t.5

Front spar a .12 x 249.5 * 29.95" aft of L.EU

Rear spar * .43 x 249.5 " 107.3" aft of L.E.

Loading at FrOlt Spar 87.2 .341 x 29.95 a 76.9/in.

Loading at Rear Spar : 87.2 - .141 x 107.3 aý.-5#/in.

Loading over nose section:

! ; }

L

K - .,ft,,-14 /.

:o Ir

S... .. I .. . .. I • ... . i . .. .. • 2 ' ' I I I I I L [ I ... II I I n I I J '. J _;• •2 . . .,. TW V .



CONSOLIDATED VULTEE AIRCRAFT CORPORA 1UN PA A;A

3-~ 36 -AmiPLAN E RýPWRTy No ______ 10o6
SSTRESS ANALYSIS OF XA�B-6 TEST NACELLE AND INSTALLATION

ANALYSIS OF AIR LOAD RIB & BULKHEAD (Cont'd.)

Load a 87.2 + Z6.9 x 29.95 a 2455#
2

Ratio of loadings = 8 1.34

C.G. a .505 x 29.95 = 14.93"

M a 2455" x 14.93 a 36,600"#

Couple 660 1020#

Loading over section aft of rear spnr:

®A

Load - 50.5 * 2.025 x 142.2 w 3750#
2

Moment at rear spar - 2.025 + 48,.475 (142.2)2

22 3

20,450 t 163,000 a 183,450"#
"Couple = 183L0 a 3980#

46.15

Interspar load a 76.2: 50.5 x 77.35 a 4930#

The total loading Is sum ed up in Fig. 7 , Page :

The interspar air load bulkheads have the same type of

• ,L

< F -•'V

I • . . . . .... .. . - . . . .. i - -- - - -- _ I I n , i. ..'_



CONSOLIE)ATF- VULTEF AIRCRAFTI CORPOR~ATION 1,A.

XB,- . .... A,,! L•, • ,,, , FZ S-.36" 06

A S SANALYSIS OF U-16 TEST NACELLE AND NSALLATIOTnM

ANALYSIS OF A&rR LOAD BIB & BULK:44D (Cont'd3)

construction as the ones supnprnt__ng the engine mount. Inspection

of the loading shows that the air loads are much less than

those imposed by the engine. Therefore no further investigation

is necessary,

Check of airload rib aft of bulkhead.

%O,, a 183,450"#

The rib is made from i" Douglas Fir Plywood.

Depth * 46.15

f b x 181-a 517#/sq. in.

b a 

U

2Its
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ANALYSIS OF CHORD TRUSSFS
contrctif•as the _-

The chord trusses are of the same
ohows that

Front and Rear Spars. Inspection of the loadings •n the
the shears and moment are less than those imposeds

spars. Therefore the chord members are considers• satisfactory

with no further check.
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